ABSTRACT: Little is known about the role of the basolateral amygdala (BLA) in regulating hypothalamic-pituitary-adrenal (HPA) activity, particularly chronic stress-induced HPA activity. In the current studies, we examined the effects of manipulations of the BLA on HPA responses to the eighth restraint, to novel restraint after repeated cold, or to acute novel restraint alone. Excitotoxic lesions of the BLA, in general, inhibited HPA activity in both acute and chronically stressed animals.To examine the role of the BLA in chronic stress without affecting the response to the first stress, we injected the GABA agonist muscimol to temporarily inactivate the BLA prior to restraint in the same three groups of animals. In contrast to the lesion data, muscimol enhanced the HPA response to acute restraint and to novel restraint after repeated cold, but it did not affect responses to the eighth restraint. These data suggest that the BLA inhibits HPA responses to novel stress but is not important in animals repeatedly exposed to the same stressor. Future studies will focus on the neuroanatomical substrates of BLA's effects on HPA activity including whether inputs from the pPVTh are important.
INTRODUCTION
We have previously shown that the posterior paraventricular thalamus (pPVTh) inhibits hypothalamic-pituitary-adrenal (HPA) responses to both novel and familiar stressors in chronically stressed animals without affecting HPA activity in acutely stressed animals. 1, 2 Because the pPVTh does not project directly to the paraventricular hypothalamus, we became interested in its efferent projections and their ability to regulate acute versus chronic stress-induced HPA activity. One set of projections of the pPVTh terminates in the basolateral amygdala (BLA). 3 However, little is known about the role of the BLA in regulating HPA activity, particularly chronic stress-induced HPA activity. In the present studies, we examined the effects of manipulations of the BLA on HPA responses to acute restraint, to repeated restraint, and to novel restraint after repeated cold. In Experiment 1, we permanently lesioned the BLA and studied HPA responses to the first restraint and to the eighth restraint. BLA lesions inhibited the HPA response to acute restraint, preventing us from examining its regulation of HPA activity under chronic stress conditions. Therefore, in Experiment 2, we injected the GABA agonist muscimol to temporarily inactivate the BLA prior to acute restraint exposure in three groups of rats: rats with no prior stress, rats previously exposed to restraint for 1 week, and rats previously exposed to intermittent cold for 1 week.
METHODS
All experiments used individually housed adult male Sprague-Dawley rats (225-249 g; Charles-River) and were conducted 2-3 h after lights on. In Experiment 1, BLA lesions were made using NMDA (0.25 µL; 20 µg/µL)) and rats allowed 1 week to recover prior to onset of stress. Rats were exposed to 8 consecutive days of 30-min restraint and sampled on day 1 and day 8. In Experiment 2, guide cannulas were implanted and rats were allowed 1 week to recover prior to onset of stress. Vehicle or musicmol was injected (0.25 µl; 1 µg/µL) bilaterally into the BLA 30 min prior to onset of restraint. Acutely stressed rats were exposed to 30 min of restraint only and sampled. Repeated restrained rats were exposed to 8 days of 30-min restraint FIGURE 1. ACTH responses to the first and eighth exposure to 30-min restraint are shown in sham-and BLA-lesioned rats. In the top two panels, lower ACTH levels on the eighth exposure to restraint are exhibited by sham-lesioned rats but not by BLA-lesioned rats. These data are re-graphed in the lower two panels and show that on day 1, lesioned rats exhibit lower ACTH responses to restraint than do sham-lesioned rats. By the eighth exposure to restraint, there is no difference between the sham and lesioned rats, because ACTH in sham rats has habituated to the level of the lesioned rats. and sampled on day 8. Repeatedly, cold stressed rats were exposed to 4 h of cold per day for 7 days and exposed to 30-min novel restraint on day 8.
RESULTS

Experiment 1. Effects of BLA Lesions
Excitotoxic lesions of the BLA, in general, inhibited HPA activity in both acute and chronically stressed animals. The top panels of FIGURES 1 and 2 show that both ACTH and corticosterone, respectively, are lower on day 8 than on day 1 in shamlesioned rats. However, no such differences are observed in BLA-lesioned rats. These data are re-graphed in the bottom panels of both figures to examine the effects of lesions on day 1 or day 8. These graphs show that even on day 1, BLA-lesioned FIGURE 2. Corticosterone responses to the first and eighth exposure to 30-min restraint are shown in sham-and BLA-lesioned rats. As in FIGURE 1, in the top two panels, lower corticosterone levels on the eighth exposure to restraint are exhibited by sham-lesioned rats but not by BLA-lesioned rats. These data are re-graphed in the lower two panels and show that on day 1, lesioned rats exhibit lower corticosterone responses to restraint than do sham-lesioned rats. By the eighth exposure to restraint, there is no difference between the sham and lesioned rats, because corticosterone in sham rats has habituated to the level of the lesioned rats. rats exhibited lower ACTH and corticosterone responses to restraint than shams. By day 8, BLA-lesioned rats were not different from the sham rats that had habituated to repeated restraint. Together, these graphs show that BLA lesions inhibit responses to acute restraint and that this inhibition continues to be observed on day 8. As a result, excitotoxic lesions of the BLA do not allow us to discriminate its role in regulating HPA activity in acute versus chronically stressed rats.
Experiment 2. Effects of BLA Inactivation
In contrast to the lesion data, temporary inactivation of the BLA by local muscimol injections did not affect ACTH responses to acute restraint (FIG. 3) . Furthermore, temporary inactivation did not affect ACTH responses to the eighth exposure to restraint. However, muscimol enhanced the HPA response to novel restraint after repeated exposure to a different stressor, cold. Thus, temporary inactivation of the BLA affected HPA activity only in chronically stressed rats exposed to a novel but not a familiar stressor and also did not affect HPA activity in acutely stressed rats.
SUMMARY AND CONCLUSIONS
Our preliminary data indicate that BLA lesions inhibited HPA responses to acute restraint and, as a consequence, also suppressed repeated stress-induced HPA activ-FIGURE 3. ACTH responses to acute restraint, the eighth restraint, or acute novel restraint after chronic cold are shown in rats injected with vehicle or muscimol into the BLA prior to restraint. Muscimol injections into the BLA did not alter ACTH responses to acute restraint or the eighth restraint but increased ACTH responses to restraint in animals previously exposed to 7 days of cold.
ity. We conclude that excitotoxic lesions of the BLA are not useful in studying how the BLA might regulate HPA activity in chronically stressed rats. Therefore, in the next experiment, we chose to reversibly inactivate the BLA by injecting the GABA agonist muscimol prior to acute restraint exposure in three groups of rats: rats not previously stressed (acute), rats previously exposed to repeated restraint, and rats exposed to repeated cold.
Reversible inactivation of BLA function by local muscimol injections enhanced HPA responses to novel restraint but only in rats previously exposed to a different repeated stressor, cold. Inhibition of BLA function did not alter ACTH responses to restraint if the animals had previous experience with restraint. Finally, muscimol injection did not alter ACTH responses to acute restraint. Therefore, reversible inactivation of BLA function by injection of the GABA agonist muscimol enhanced ACTH responses to novel restraint only if the animals had previous experience with a different stressor. The results of this study suggest that the BLA may play an important role in HPA responsiveness to novelty in organisms with a history of repeated stress.
